Two numerical studies, one based on a canonical boundary-value problem and the other based on a reflection-transmission problem, revealed that the propagation of high-phase-speed Dyakonov-Tamm (HPSDT) surface waves may be supported by the planar interface of a chiral sculptured thin film and a dissipative isotropic dielectric material. Furthermore, many distinct HPSDT surface waves may propagate in a specific direction, each with a phase speed exceeding the phase speed of plane waves that can propagate in the isotropic partnering material. Indeed, for the particular numerical example considered, the phase speed of an HPSDT surface wave could exceed the phase speed in bulk isotropic dielectric material by a factor of as much as 10.
Tamm states that may arise at the planar interface of two highly reflecting materials [15, 16] . These optical Tamm states should be distinguished from the surface states reported recently for the interface of a cholesteric liquid crystal and a uniaxial dielectric material [17] .
Here we report on the existence of high-phase-speed Dyakonov-Tamm (HPSDT) surface waves. For that purpose, we consider a Dyakonov-Tamm wave guided by the planar interface of a structurally chiral material [18, 19] and a dissipative isotropic material, both dielectric and with permeability the same as of free space. Without loss of generality, the planar interface is the plane z = 0 and the Dyakonov-Tamm wave is assumed to propagate parallel to the x axis, with electric field phasor E(r) = e(z) exp (iqx) ,
where q = 0 is a complex-valued wavenumber and e(z) = e x (z)u x + e y (z)u y + e z (z)u z ,
with {u x , u y , u z } being the triad of unit vectors aligned with the Cartesian axes. The structurally chiral partner is a chiral sculptured thin film (CSTF) characterized by the relative permittivity dyadic [19] 
where the reference relative permittivity dyadic
specifies the local orthorhombic symmetry of the CSTF. The rotation dyadics
are expressed in terms of the inclination angle χ ∈ (0 • , 90 • ], handedness parameter h = ±1, structural period 2Ω, and angular offset ψ in the xy plane. The CSTF is an array of helical columns with each helical column being oriented parallel to the z axis. A schematic illustration of a single helical column is provided in Fig. 1 .
A variety of materials can be used to make CSTFs [19] via physical vapor deposition [20, 21] , with a range of periods 2Ω and inclination angles χ. Following Faryad et al. [11] , for illustrative calculations let us choose ǫ a = 3.965, ǫ b = 4.917, ǫ c = 4.361, χ = 67.53
• , h = 1, and Ω = 160 nm for the CSTF. Furthermore, let us set n s = 2.650 + 0.226i as the complex-valued refractive index of the isotropic dielectric material. This value of n s does not correspond precisely to any known natural material, as far as the authors are aware. However, a material with such a refractive index may be straightforwardly conceptualized as a homogenized composite material arising from readily-available natural component materials [22] . The free-space wavelength λ 0 = 633 nm for all data reported here. The following two theoretical problems have to be investigated: (a) a canonical boundaryvalue problem which yields a dispersion relation for the wavenumber q of the DyakonovTamm wave, and (b) a more realistic reflection-transmission problem which yields absorptance data. The scaled value of ln det[Y (q)] is mapped in the complex q plane in Fig. 2 for ψ = 30
• . The values of q are normalized relative to the free-space wavenumber k 0 = 2π/λ 0 . Four roots of the dispersion relation may be deduced from Fig. 2 . These are presented in Table 1 along with the respective values of the phase speed v DT = ω/Re [q] relative to the phase speed in the bulk isotropic dielectric material, namely v s = ω/k 0 Re [n s ], wherein ω is the angular frequency. For each of the four allowable values of q for surface-wave propagation, the phase speed v DT exceeds v s . Therefore, each solution identifies an HPSDT surface wave.
To explore this matter further, the spatial profiles of the absolute values of {e x , e y , e z } in directions normal to the interface are presented in Fig. 3 for each of the four solutions (i)-(iv) given in Table 1 . These profiles reveal that the fields for each of the solutions (i)-(iv) are localized to the vicinity of the interface z = 0, with the degree of localization being greater on the side of the isotropic dielectric material (i.e., z > 0) than on the CSTF side (i.e., z < 0). Since the CSTF is nondissipative, the decaying profiles in the z < 0 half-space provide further evidence in support of the excitation of HPSDT surface waves.
Even though Re[q] < k 0 for solutions (ii)-(iv), these HPSDT surface waves cannot be classified as leaky surface waves. This is because both partnering materials occupy half Table 1 are indicated.
spaces so that the issue of leakage cannot arise.
(b) Reflection-transmission problem. Suppose that the CSTF occupies the finitely thick region −L CST F < z < 0 while the isotropic dielectric material occupies the finitely region L s > z > 0. The half spaces z < −L CST F and z > L s are vacuous. An incident plane wave propagates in the half space z < −L CST F towards the CSTF, with its wavevector oriented at the acute angle θ inc to u z . Therefore, a reflected plane wave propagates in the half space z < −L CST F away from the CSTF, with its wavevector oriented at the acute angle θ inc to −u z ; and a transmitted plane wave propagates in the half space z > L s away from the isotropic dielectric material, with its wavevector oriented at the acute angle θ inc to u z .
In view of the structurally chiral morphology of the CSTF [19] , let the incident plane wave be either left-circularly polarized (LCP) or right-circularly polarized (RCP). Also, given the rates of decay of the electric-field components evident in Fig. 3 , let us choose L CST F = 1.28 µm (i.e., 40 CSTF periods) and L s = 200 nm. The procedure for solving the reflection-transmission problem and thereby computing the absorptances for LCP incident light, namely A L , and for RCP incident light, namely A R , is comprehensively described elsewhere [19] . Graphs of A L and A R plotted versus θ inc are provided in Fig. 4 . The θ incregime of relatively low values of A R as compared to A L , apparent in Fig. 4 extending over the range 22
• , is a manifestation of the circular Bragg phenomenon by which means the CSTF discriminates between incident LCP light and incident RCP light [19] . Table 1 . The normalization procedure is described in Ref. 1 . Key: |e x | blue dashed curves, |e y | green broken-dashed curves, |e z | red solid curves. • Values of the solution q of the dispersion relation for the canonical boundary-value problem give an indication of the values of the angle of incidence θ inc at which the excitation of HPSDT surface waves may be expected. Values of the angle of incidence are estimated as sin −1 (Re [q] /k 0 ) and are listed in the rightmost column in Table 1 . Solution (i) does not have a corresponding (real-valued) angle of incidence for the reflection-transmission problem, but solutions (ii)-(iv) do.
In Fig. 4 peaks in both A L and A R may be observed in the vicinity of the three angles of incidence inferred from solutions (ii)-(iv). This observation provides further evidence in support of the existence of HPSDT surface waves. Table 1 are labeled.
In conclusion, the two numerical studies presented here, one based on a canonical boundaryvalue problem and the other on a reflection-transmission problem, provide strong evidence of the existence high-phase-speed Dyakonov-Tamm surface waves that may be guided by the planar interface of a structurally chiral material and a dissipative isotropic dielectric material. For the specific example investigated, the given propagation direction supported the propagation of four HPSDT surface waves with each having a phase speed exceeding the phase speed of plane waves in isotropic partnering material. Furthermore, in the case of the most extreme solution, the phase speed of the Dyakonov-Tamm surface wave exceeded the phase speed in the bulk isotropic dielectric material by a factor of 10.
Lastly, the dissipative aspect of the isotropic dielectric material is not critical for the existence of HPSDT surface waves. Indeed, if the computations reported herein were repeated with the complex-valued refractive index n s replaced by the real-valued refractive index Re[n s ], then qualitatively similar results would be obtained, albeit the decay of the field profiles in the z > 0 half-space for the canonical boundary-value problem would be slower than the decay represented in Fig. 3 .
